Molybdenum, applied in vivo, restored the damage from low temperature with winter wheat (Triticum aestivum, var "Sadovo 1") grown on acid soil and, in addition, sharply increased productivity (G Salcheva, D Georgieva, 1982; G Salcheva et al., 1977 . Two fractions with molybdenum-cofactor activity in seeds were detected. One of them has a molecular weight of about 230 kilodaltons corresponding to xanthine oxidase activity and leaf nitrate reductase activity. The other has a molecular weight of about 60 kilodaltons. The ratio between the molybdenum-cofactor activity of these fractions was different in 'mother' seeds used in the experiment, in seeds obtained from the damaged plants, and in seeds obtained from the damaged plants restored by in vivo molybdenum addition. Every one of these fractions consisted of several components in which molybdenum-cofactor activity and stability in vitro was different. We suggest that plants store molybdenum as molybdenum carriers in these low molecular weight fractions.
During the past 10 years, it has been shown that addition of Mo to acid soils will protect wheat plants against damage caused by low temperature or water logging (2, 19, 20) . If the soil is not acid, then Mo does not protect the wheat against low temperature (17, 18) . In wheat where addition of Mo was beneficial, photochemical and photosynthetic activity of chloroplast and ribulose bisphosphate carboxylase was restored (15, 19, 21) ; however, the most rapid recovery was found in nitrogen metabolism, especially NR1 activity (18) . A similar effect was found by L'vov et al. (8, 16) , when legumes were grown on saline soil; the addition of Mo to the soil appeared to have an effect on the restoration of NR activity.
Molybdenum is found in the Mo-containing complex, (5, 7, 10) . Mo-Co is found in a number of Mo-containing enzymes such as NR, XO, SO, and aldehyde oxidase and has both a structural and functional role in these enzymes (5, 7, 10) . Biologically active Mo-Co has been found in dry seeds (1) , leaf extracts (6, 14) , roots (1; R Vunkova, unpublished observations) and cells of higher plant tissue cultures (12, 13) . However, data on the influence of external stresses on Mo-Co activity have not been reported. In our previous investigations of wheat plants content, as well as an increase in Mo-Co activity in leaves and tiller nodes of winter wheat (3) . Under these conditions, the diaphorase activity of NR remained unchanged (18) .
The aim of the present work was to study the influence of low winter temperature upon the activity of Mo-Co in seeds obtained from wheat which had been grown on acid soil and either treated with Mo Ultragel AcA-34 from LKB (Sweden).
Mo-Co Extraction and Assay Procedure. Seeds were ground in a mortar and pestle for 1 min with 0.1 M K/Na phosphate buffer (pH 7.6) containing 0.5 mm GSH and 25 mm Na2MoO4 (tissue to extraction buffer, 1:10). The extraction was carried out at 4°C for 15 min. The homogenate was centrifuged at 14,000g for 20 min at 4°C. Mo-Co activity was determined in the supernatant without heating ('free' Mo-Co) and after heat release for 90 s at 80°C in the presence of GSH under N2 ('bound' Mo-Co).
VUNKOVA-RADEVA ET AL.
In Vitro Complementation. Neurospora crassa mutant strain nit-1 was grown and the extract was obtained according to Mendel and Muller (12) . In vitro restoration of nit-1 NADPH-NR was performed for 40 min at 25°C anaerobically with Mo-Co preparations. One unit of Mo-C6 activity was defined as the ability of the reconstituted nit-1 NR to form 1 nmol nitrite per min.
Ultrogel AcA-34 Gel Filtration. Seed extracts (tissue to buffer, 1:4) were applied to a column 2.5 x 147 cm. The column was equilibrated with 0.1 M K/Na phosphate buffer (pH 7.6) containing 0.5 mm EDTA and 25 mM Na2MoO4. Fractions were collected at 4°C and bound Mo-Co activity was assayed.
Determination of XDH activity by Polyacrylamide Electrophoresis. Polyacrylamide disc electrophoresis under nondenaturing conditions was carried out according to Mendel and Muller (11) .
Molybdenum Determination. Mo content was determined in two repetitions by instrumental neutron activation analysis with a standard kale powder Bowen by rtultichannel analyzer (Intertechnique IN 96, France) and high purity germanium detector (ORTEC, USA) with resolution FWHM 1.9 KeV and efficiency 40% (6OCo 1332,5 KeV).
RESULTS
Comparison of Mo-Co Activity in Dry Seeds. When dry wheat seeds were ground and extracted, higher bound Mo-Co activity was found than free Mo-Co (Table I ). In Mo-treated seeds (types I and III), Mo-Co activities were higher than in nontreated seeds (types II). The free Mo-Co content was about 25% of bound in types I and II seeds, while free Mo-Co was 50% of bound in type III seeds. Using neutron activation analysis, Mo could not be detected in type II seeds and was present at 0.240 ppm in type I seeds and 0.300 ppm in type III seeds.
Separation of Mo-Co Containing Proteins. Extracts of the three types of wheat seeds were separated by gel filtration on Ultrogel AcA-34 (Fig. 1) . The column was calibrated using barley leaf NR, bovine XO, and BSA, which we designated fraction A for the higher mol wt portion where NR and XO eluted and fraction B for the lower mol wt region were BSA eluted. For all three seed types, fraction B had a higher Mo-Co content than fraction A. Mo-Co activity demonstrable without heating or free Mo-Co could only be shown for fraction B for types I and II seed, while it could be shown for both fractions for type III (data not shown). The distribution between fractions A and B was different for types I and III seed. For example, the ratio between the Mo-Co activity of fraction B and A was 1.5 to 1.8 in type I seed, while it was 2.2 to 3 for types II and III seed.
Identification of Mo-Co Carriers. Fraction A contained XDH activity as shown in Figure 2 and also co-eluted with barley leaf NR activity. Thus, fraction A was designated the 'enzyme' MoCo fraction. Fraction B, which co-eluted with BSA, contained no XDH activity (Fig. 2) . Subfractions of Mo-Co Fractions A and B. Several subfractions of major fractions A and B could be detected in the gel filtration elution pattern (Fig. 1) . While there was little qualitative difference in the elution patterns of the three seed extracts, the contents of various subfractions were significantly different. For example, some components of fraction A in type II seed appeared to be completely absent. In type III seed, the Mo-Co activity of several subfractions was several times higher than similar elution positions from extracts of either seed type I or II. These results are in general agreement with those of Table  I . In addition, the stability of Mo-Co subfractions were different, with those of fraction A of type III seeds being the most stable (data not shown).
DISCUSSION
Molybdenum is not free in the cell but is associated with stabilizing macromolecules (7) . The presence of Mo-storage proteins in Escherichia coli and C. pasteurianum as well as a 60 kD protein in C. thermoaceticum has been postulated (9) . Our investigations showed that Mo in winter wheat seeds is associated with protein carriers with different mol wt (Fig. 1) (4) . Prolonged exposure of wheat plants grown on acid soil to low temperatures influenced the total Mo-Co activity in the seeds produced by these plants (Table I) as well as the ratio between the two fractions of Mo-Co carrier proteins in the seeds (Fig. 1) High nitrogen fertilization alters soil characteristics resulting in some decrease in soil pH. Application of Mo to acid soils could overcome the decreased assimilation of Mo in these soilplant systems. Studies of the cellular forms of Mo and its incorporation into important enzyme systems which are influenced by external stresses, is, one hopes, a means for gaining understanding of plant mechanisms associated with resistance to stress.
